and trans-N,N'-dimethyl-1,2-cyclohexanediamine (b) were the most effective to provide the desired compound 2 in 84% and 83% yields, respectively (entries 1 and 5). However, the other ligands (c-g ) gave little to no desired product (entries 6-10). These results indicated that N,N'-dimethyl moiety was essential to the reactivity of this catalytic system. The reactions were also influenced by solvents of which NMP and DMSO were found to be equally effective leading to 2 in 84% and 82% yields, respectively (entries 1 and 2); DMF and toluene turned out to be less effective to provide the product in 77% an 51% yields, respectively.
Using the selected N,N'-dimethylethylenediamine as the ligand in DMSO or NMP, we also have explored a series of experiments employing several readily available copper sources and nitrating agents to find optimum conditions for All reactions were performed on a 1 mmol scale with microwave iradiation in a single-mode CEM Discover
Conversion yield based on the intergration of peaks at 6.69 ppm and 7.01 ppm, respectively.
Notes
the copper-catalyzed nitration of 4-iodoanisole (Table 2) .
Among the copper sources examined, CuI, Cu powder and CuOAc with 1 equiv of tetrabutylammonium nitrite as a nitrating agent produced relatively good yields of 84, 82, and 80%, respectively (entries 4 and 6). Cu(NO 3 ) 2 , Cu(OAc) 2 , and Cu 2 O resulted in moderate yields (72, 51, and 51%, respectively), while CuCO 3 , CuCl 2 , and CuO gave poor yields (entries 6-12). Using CuI, which provided the highest converted yield, we observed almost complete conversion with increasing the amount of tetrabutylammonium nitrite in DMSO or NMP to 2 equivalents affording 2 in 99% (entries 1 and 3); copper powder with 2 equiv of tetrabutylammonium nitrite in NMP afforded 99% yield of 1 (entry 5). On the basis of the experimental results above, CuI was chosen as the catalyst for subsequent experiments using other nitrite salts. Potassium nitrite (KNO 2 ) and sodium nitrite (NaNO 2 ) as a nitrating agent are cheaper and more easily available than tetrabutylammonium nitrite. Nitration of 1 with 2 equiv of KNO 2 in NMP (2 mL) produced a poor yield (6 %, entry 15); the use of 18-crown-6 (2 equiv) as an additive, however, resulted in 71% yield (entry 16) similar to those reported by Saito et al. Interestingly, the reaction in DMSO without the aid of 18-crown-6 produced 2 in 79% (entry 13); in the presence of 18-crown-6 (2 equiv), nearly complete conversion was observed (entry 14). NaNO 2 and nitrite on polymer support as nitrating sources produced moderated yields of 62% and 40% respectively (entries 17-18). Thus, DMSO turned out to be the most efficient solvent for the nitration with inorganic nitrite salts such as KNO 2 .
The established catalytic system, 10 mol % of CuI, 20 mol % of N,N'-dimethylethylenediamine, and 2 equiv of tetrabutylammonium nitrite in NMP at 100 o C with microwave irradiation for 10 min, were applied to the nitration of various aryl halides (Table 3) . 4-Iodoansole and 4-iodotoluene bearing a electron-rich substituent at the 4-position were almost completely converted to the corresponding nitrated products (entries 1 and 2).
Iodobenzene and 1-iodo-3,5-dimethybenzene were also good substrates in almost complete conversion (entries 3 and 4), while 4-iodoaniline and 3-iodoanisole with a meta substituent gave slightly decreased yields in 87% and 73%, respectively (entries 5 and 6). On the other hand, 2-iodoanisole and 2-iodoaniline bearing an ortho substituent gave poor yields (entries 7 and 8); aryl bromides such as bromobenzene were also turned out to be poor substrates (entries 9-11).
In summary, a rapid and efficient copper-catalyzed nitration of aryl halides has been established under microwave irradiation. The catalytic systems were found to be the most effective with 4-substituted aryl iodides leading to nearly complete conversions. 
